Since few decades, there is a large focus on research of finding new thermoelectric materials which convert thermal energy into electrical energy for the waste heat recovery. A good thermoelectric materials should possesses large Seebeck coefficient (α) and electrical conductivity (σ) whereas low thermal conductivity (κ) and related by thermoelectric figure of merit (zT = α2σT/κ). Recently, tetrahedrites are becoming promising materials for thermoelectric applications because of their complex crystal structure possesses 58 number of atoms per unit cell and shows a low thermal conductivity [1] . An improvement in thermoelectric figure of merit for these can be achieved by doping and studied by several researchers [2÷6]. In the present investigation, effect of doping on thermal conductivity of FAST samples followed by XRD and SEM is studied.
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Experimental details
Cu12Sb4S13 and Cu11ZnSb4S13 compounds were prepared by solid state synthesis method [3] . High purity elements were weighed in stoichiometric ratio into a quartz ampoule and sealed under vacuum. Then the quartz ampoules were slowly heated to 973 K, held at that temperature for 3 hours and then cooled to 823 K for 30 hours. Then the furnace was switched off to cool down to room temperature. The resulting ingots were ground into fine powder by ball milling and shaped into pellets by cold pressing. These cold pressed pellets were annealed at 773 K for 30 hours in evacuated quartz tubes. The annealed samples were reground, loaded into graphite dies with a diameter of 10 mm, and then compacted by using the Field Assisted Sintering Technique (FAST) at a pressure of ~56 MPa under Ar atmosphere at 723 K for 15 minutes.
Powder X-ray diffraction (XRD) patterns of both FAST samples were collected on a PANanalytical Empyrean instrument using Cu K α radiation. Rietveld refinement was carried out for the crystallographic phase identification using the Fullprof software [7] . Cylindrical samples were cut into discs with 10.0 mm diameter and a thickness of 2.0 mm for thermal conductivity measurements using the NETZSCH LFA 457 apparatus.
Results and Discussion
XRD (X-Ray Diffraction) Powder XRD patterns of both samples are shown in Fig. 1 and peaks are indexed to the cubic tetrahedrite as main phase Cu12Sb4S13 (ICSD#25707) which belongs to space group I4 3m.
Undoped sample showed a minor impurity phases of Cu3SbS4 and CuSbS2 whereas doped sample showed CuSbS2 and Cu1.8S respectively. Further, powder XRD of both samples was fitted by Rietveld refinement using the Fullprof Suite. Fig . 2 shows the Rietveld refinement of undoped compound Cu12Sb4S13. Rietveld refinement results further confirm major phase as tetrahedrite with additional impurity phases. Lattice parameters of both samples determined from the Rietveld refinement and it showed that lattice parameter a value increased with increase of doping content from value of 10.3227 Å to 10.3969 Å, which may be due to the effect of partial substitution of Zn on to the Cu site. Fig. 3 shows the back scattered electron images of SEM with magnification of 500× for both samples after the Field Assisted Sintering. Micrographs of SEM clearly evidences the presence of main phase of tetrahedrite in addition with impurity phases. This results are in well agreement with the XRD results.
SEM (Scanning Electron Microscopy).
The presence of porosity was observed in both the cases could be the result of not sufficient temperature and/or the sintering time was applied. The presence of impurity phase might be due to the insufficient annealing temperature during the synthesis. Elemental composition was analyzed by Energy Dispersive Spectroscopy and revealed that undoped and doped samples are almost in agreement with nominal composition. Thermal conductivity of doped sample decrease in comparison with undoped sample. This is mainly due to the two reasons, one is the decrease of carrier part of thermal conductivity and other is decrease of lattice part of thermal conductivity. The carrier part of thermal conductivity is expected to decrease because of the reduction of carrier concentration by substitution of Zn 2+ on the Cu 1+ . Lattice part of thermal conductivity to be reduced due to the substitution (Zn on the Cu site) effect, which leads to the scattering of heat carrying phonons by mass fluctuation. Also it is expected an effect of impurity phases may leads to the reduction of lattice thermal conductivity by scattering at phase boundaries. Thermal conductivity of both samples slightly increased with increase of temperature may be due to the dominance of carrier part of thermal conductivity which is in contrast to the traditional thermoelectric materials.
Conclusion
XRD and SEM revealed that FAST materials consists of tetrahedritre as main phase in addition to the impurity phases. Thermal conductivity of these compounds showed low values below 1 W/m⋅K at higher temperature. Tetrahedrites are promising thermoelectric materials due to their low thermal conductivity because of their complex crystal structure and electrical properties can be tunable by doping. The prepared compounds are composed of impurity phases and to be avoided for the better thermoelectric performance of materials. 
